With large acceptance and excellent particle identification, STAR is one of the best mid-rapidity collider experiments for studying high-energy nuclear collisions. The STAR experiment provides full information on initial conditions, properties of the hot and dense medium as well as the properties at freeze-out. In Au+Au collisions at √ s NN = 200 GeV, STAR's focus is on the nature of the sQGP produced at RHIC. In order to explore the properties of the QCD phase diagram, since 2010, the experiment has collected sizable data sets of Au+Au collisions at the lower collision energy region where the net-baryon density is large. At the 2014 Quark Matter Conference, the STAR experiment made 16 presentations that cover physics topics including collective dynamics, electromagnetic probes, heavy flavor, initial state physics, jets, QCD phase diagram, thermodynamics and hadron chemistry, and future experimental facilities, upgrades, and instrumentation [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . In this overview we will highlight a few results from the STAR experiment, especially those from the recent measurements of the RHIC beam energy scan program. At the end, instead of a summary, we will discuss STAR's near future physics programs at RHIC.
Introduction
Initially when Lee and Wick first proposed studying the high-energy nuclear collisions their goal was to create a new form of nuclear matter called the Quark-Gluon Plasma (QGP) [17] . It turns out that the net-baryon density as well as the temperature strongly depend on the colliding energy, therefore high-energy collisions are also very effective for studying the QCD phase diagram. At mid-rapidity, the higher the collision energy the lower the net-baryon density [18] . In ultra-relativistic heavy-ion collisions, where the net-baryon density is close to zero, the strongly coupled QGP has been observed [19, 20] at both RHIC and the LHC. The properties of the medium created in such collisions show a strong opacity to colored objects and small ratio of shear viscosity over entropy density [21] .
While the study of the nature of the sQGP continues in the high energy region, the first RHIC beam energy scan (RHIC BESI) program, all with Au+Au collisions, was started in 2010. The main motivation there is to systematically explore 1 the nuclear matter phase structure, the emergent property with the QCD degrees of freedom, at higher baryon region. As of May 2014, when the RHIC BESI was concluded, we have covered the beam energies of √ s NN = 39, 27, 19.6, 14.5, 11.5, and 7.7 GeV corresponding to a range of chemical potentials 2 of 110 ≤ µ B ≤ 420 MeV. Including the previously measured energies of √ s NN = 200, 130 and 62. 4 GeV, RHIC has provided nine energies for heavy-ion beams. Although most of the measured quantities change smoothly within the above energy range, one noticed that in Au+Au collisions above √ s NN = 39 GeV, the thermodynamic properties of the medium are very similar to those of the collisions at the top energy 200 GeV, implying that the partonic interactions dominate the dynamics. In the lower energy collisions, the deviation from the sQGP becomes clearer indicating hadronic degrees of freedom play a more important role. In this review we will highlight some of the observations and discuss the required future measurements needed to gain further insight into the QCD phase diagram.
Penetrating Probes: Study the QGP Medium Properties

Results on di-electron production
The di-leptons have long been considered as a penetrating probe for studying the collision dynamics in highenergy nuclear collisions and they also make a bulk probe as leptons are continuously emitted during the evolution. This bulk-penetrating probe will potentially provide information of QGP direct radiation in the intermediate mass region 1 ≤ M ll ≤ 3 GeV/c 2 and chiral dynamics in the low mass region M ll ≤ 1 GeV/c 2 . With its large, uniform acceptance and excellent particle identification capability, the STAR experiment is in a unique position to make a systematic study of di-electron production in the RHIC BESI program. Figure 1 shows the efficiency-corrected di-electron invariant mass spectra from minimum-bias Au+Au collisions at √ s NN = 200, 62.4, 39, 27, and 19.6 GeV [3] . The 200 GeV result has been published in Ref. [22] . The yellow-bands in the low mass region represent the results of hadronic cocktails plus in-medium model calculations [23] . The driving ingredient in the model calculation is the meson-baryon re-scatterings during the evolution. Within the error bars, the model results are consistent with the measured data. The collisional broadening of the ρ-mesons leads to the enhancement in this mass region. At lower beam energies, the baryon over meson ratio will increase due to strong stopping, therefore one would expect further increase in the observed enhancement [3, 24] .
Results on heavy flavor production
Heavy flavor here refers to hadrons with at least one heavy quark (c or b). Due to the large masses of heavy quarks, thermal heavy flavor production is suppressed leaving only initial hard scattering to create heavy flavors in high-energy nuclear collisions at RHIC. The heavy flavors are therefore a useful tool for studying the medium properties. In GeV Au+Au collisions [26] . The normalization uncertainty from the p+p collisions is shown as the vertical green bar. represented by the average number of participant nucleons N part [12] . The blue and red symbols represent the results from √ s NN = 200 GeV Au+Au [25] and √ s NN = 193 GeV U+U collisions, respectively. For comparison, the large transverse momentum pion result is also shown as the yellow band [26] . As illustrated in Fig. 2 , charm hadrons suffer similar amount of energy loss compared to that of the light flavor hadrons implying that the hot/dense medium, created in high-energy nuclear collisions at RHIC, is opaque to light-as well as heavy flavors. This conclusion is also consistent with non-photonic electron R AA at high p T [27] . The increase in density in the heavier colliding system U+U is of the order of 20% [10, 28] . The trend of the suppression from U+U collisions in the most central bin is consistent with the expectation.
Nuclear modification factors of mid-rapidity Υ(1S+2S+3S) in d+Au, Au+Au and U+U collisions are presented in Au+Au collisions [29] . The observed suppression for the Υ(1S) state cannot be explained by the cold nuclear matter effect alone. The final-state interactions lead to further suppression. The observed yields of the excited states are consistent with a complete suppression scenario. The model of Strickland and Bazow [30] which incorporates lattice QCD results on screening and broadening of bottomonium, is the pink-hatched band in the figure. This scenario, with a potential based on heavy quark internal energy, is consistent with the observations. While the free energy based scenario, green-hatched band, shows over-suppression so it is disfavoured. The strong binding scenario, black-hatched band in the figure, proposed by Emerick, Zhao, and Rapp [31] , which includes possible CNM effects in addition, is also consistent with STAR results. 
Results on chemical freeze-out
Assuming that the medium, created in high-energy nuclear collisions, has reached a thermal equilibrium and thus can be expressed in terms of a few thermodynamic parameters, the location of the hot and dense system at freezeout is then well defined in the phase diagram. Figure 4(a) shows the results of the chemical freeze-out 3 parameters from the 0-5% central Au+Au collisions. A systematic analysis of the centrality dependence in the RHIC BESI at STAR has also been carried out and the results can be found in Ref. [33] . The yellow line in the plot is an empirical parameterization of the freeze-out conditions [32, 34] in central heavy-ion collisions. As shown in the figure, the STAR results cover a wide range of the baryonic chemical potential 20 ≤ µ B ≤ 420 MeV.
Theoretical estimations for the QCD critical point [35, 36] are shown in Fig. 4(b) as open symbols. A value of T c = 170 MeV was used in the theoretical estimate. Although the dynamic backgrounds between data and model calculations may be different and a direct comparison may be misleading, the region indicated by the model calculation is indeed covered by the RHIC BES program. Clearly, the high net-baryon region is favored for the search for the QCD critical point.
Results on flow measurements
The ground state of the uranium nucleus is deformed with a prolate shape of β 2 ∼ 0.28. Compared to that of Au+Au collisions, the central U+U collisions not only give rise to a higher energy density [28] , they also allow us to separate two extreme collision configurations: tip-tip versus body-body. Information on the initial conditions may be extracted by analyzing the extreme orientations [37] . 
Results on high moment analysis
As mentioned above, a smooth cross-over is expected at the vanishing baryonic chemical potential. At the higher net-baryon region, however, model calculations have speculated the existence of a first-order phase transition. In that case thermodynamic principles suggest that there should be a critical point in QCD matter where the first-order phase transition ends and the transition becomes a cross-over [39] , at which point the phase boundaries effectively cease to exist. The characteristic experimental signature of the QCD critical point is large fluctuations in event-by-event multiplicity distributions of conserved quantities such as net-charge, net-baryon number, and net-strangeness. The variances of these distributions, (δN) 2 , are proportional to the square of the correlation length ξ. Model studies have shown that higher order moments ( (δN) 3 ∼ ξ 4.5 and (δN) 4 ∼ ξ 7 ) have stronger dependences on ξ than the variance and thus have higher sensitivity [40, 41] . Another salient feature of the moments is that they can be reconstructed from susceptibilities (χ) [42] . For example,
χ (2) /T 2 [43] . Hence a comparison of the experimental data can be made directly to QCD model calculations [43, 44] . In high-energy nuclear collisions, the created system has a finite size, time span and the number of particles are also finite. Instead of a point in the phase diagram, one may observe a critical region in which large fluctuation might be observed. On the other hand, in the absence of a critical point, the hadron resonance gas model [45] suggests that the κσ 2 values will be close to unity and have a monotonic dependence on √ s NN [46, 47] .
Motivated by these considerations, STAR has studied the kurtosis times the variance (κσ 2 ) of net-proton (a proxy for net-baryon) and net-charge distributions to search for the critical point [48, 49] . Figure 6 shows the κσ 2 for mid- 
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Pb+Pb rapidity net-proton (top panel) [48] and net-charge (bottom panel) [49] distributions in Au+Au collisions as a function of colliding energy for two different collision centralities, 0-5% (circles) and 70-80% (squares) 4 . In the top panel, the net-proton κσ 2 values for the 0-5% centrality selection at √ s NN = 19.6 and 27GeV are observed to deviate from: (a) the values from 70-80% peripheral collisions which are expected to create small systems and do not show significant bulk properties; (b) Poisson and hadron resonance gas expectation values, which would correspond to uncorrelated emission and are close to unity; (c) transport-model-based UrQMD [50] calculations in which one does not experience a phase transition. A possible non-monotonic variation of the κσ 2 of the net-proton distribution is not excluded by the existing STAR data. High event statistics for collisions below 20 GeV in the second phase of the beam energy scan (BESII) will help clarify these issues. The projection of the statistical error from BESII is shown as the hatched band in the top panel.
Results on global chiral effects
QCD is a non-Abelian gauge theory for strong interactions and the corresponding global topology is related to the imbalance of chirality. Combined with the external magnetic field, one observes the Chiral Magnetic Effect (CME) where the electric charges are separated along the external magnetic field [51] . Since the global chiral effect is an intrinsic property of QCD the experimental observation has been challenging. The STAR experiment has employed a three-point correlator method to study this fundamental physics [53] . Experimentally, charge separation along the external magnetic field, possibly due to the CME effect, has been observed with charged hadron correlations in high-energy nuclear collisions [54, 55, 56] . The collision energy dependence of the charge separation, after the background subtraction, is shown in Fig. 7 . These results are from the mid-central (10 − 30%) Au+Au collisions [8] . The systematic errors are shown as asymmetric bands and the colored band indicates the statistical error bars for the results from the proposed RHIC BESII program. As one can see in the figure, when the energy is lower than 11 GeV the charge separation approaches zero.
On the other hand, one does not expect to see such charge separation when the correlation measurements involve neutral hadrons that contain oppositely charged quarks. At this QM conference, STAR reported its first results on K 0 S -h ± and Λ-h ± correlation functions [15] . Again these results are consistent with the CME expectation. When one replaces the external magnetic field, in the case of the CME, with the external angular momentum, one expects the so-called Chiral Vortical Effect (CVE). In high-energy nuclear collisions, although the external magnetic field is as strong as 10 18 gauss, it only exists at the very beginning of the collisions and quickly dies away [57] . The angular momentum, on the other hand, is conserved and always stays within the system. If the chiral dynamics does manifest itself in high-energy nuclear collisions, just like the charge separation along the external magnetic field in the CME, one expects the baryon-number separation along the external angular momentum. Figure 8 shows the first measurement of the baryon separation, for proton-Λ (and their anti-particles) correlation functions with respect to the event plane [15] . The circles and triangles represent the data for the same-baryon-number (SBN) and opposite-baryonnumber (OBN) correlations, respectively. Error bars are statistical only. It is clear from the figure that, as a function of centrality, the SBN behaves differently from that of OBN. Several sources, such as collective flow, resonance decay, or quantum effects other than the CVE may contribute to the observed baryon separation. More detailed studies are called for before one draws further conclusions on this observation.
Final Remarks on STAR's Near Future Physics Programs
Although spin physics is not the focus of the conference, STAR's spin program is also very successful in studying the gluon contributions to the proton helicity structure [58, 59 ]. Now we turn our attention to the near future heavy-ion physics programs at STAR. Based on the needs of our physics goals, we roughly divide the next few years into three periods:
Period 2014-2016: The STAR experiment has just successfully commissioned its heavy flavor tracker (HFT) utilizing the state of art MAPS technology [6] and the Muon Telescope Detector (MTD) [60] . These upgrades will enhance STAR's capabilities for heavy flavor measurements including both open heavy quark hadrons at low transverse momenta and quarkonia. This program focuses on the top energy 200 GeV Au+Au and p+p collisions. Information on the sQGP properties such as the shear viscosity and temperature is expected from these measurements.
Period 2018-2020: RHIC CAD is undertaking an upgrade of the electron cooling. The aim is to increase the collider luminosity by a factor of 3 − 10 for the energy range √ s NN = 5 − 20 GeV, respectively. In the mean time, the STAR experiment is carrying out two related upgrades [24]: (1) The Event Plane Detector (EPD) which will allow an independent determination of the event plane in addition to the TPC, suppressing auto-correlations. (2) The inner TPC (iTPC) which will greatly enhance the tracking momentum resolution and extend the rapidity range from |η| < 1.1 to 1.7. The extended rapidity region is necessary for collectivity measurements at STAR, especially for identified v 1 measurement. In addition, with the moderate forward detector upgrade at STAR [61], the precision tracking at high rapidity, i.e. small-x region, will also be necessary for studying initial physics in heavy-ion collisions via the polarized pp and pA collisions. This is also part of the long term future, as discussed in the proposed eS T AR [4] , the dropping of the φ−meson elliptic flow v 2 , and the net-proton kurtosis starts to deviate from the monotonic trend, see Fig. 6 , for example. The proposed RHIC BESII program will focus on this energy region and information of the detailed phase structure will be determined. For the fluctuations analysis, we have reached to fourth order cumulants for net-charge, net-Kaon and net-protons [7] . In order to pin down the location of the critical point one may need to analyze the data with even higher orders such as the sixth cumulant. In addition, until now we have only considered the Au+Au collisions at RHIC. The chemical freeze-out in small colliding system may be closer to the phase boundary. To avoid the geometry-induced uncertainties in peripheral collisions, one might consider to use central collisions of smaller nuclei, such as Si+Si, Cu+Cu and In+In collisions in the future.
Beyond 2020: As we mentioned above, heavy flavor production at RHIC is important for the study of the sQGP properties. In the top energy √ s NN = 200 GeV Au+Au collisions, however, final-state interactions, i.e. regeneration for J/ψ and recombination for open-charm hadrons, are significant for charm hadron production [63, 64] . These facts make the charm hadrons less attractive for studying early dynamics in such collisions. The mass of the bottom quark is around 5 GeV/c 2 and it is rarely produced at the RHIC energy. It can serve as a clean probe for studying dynamic 7 evolution in heavy-ion collisions. One could consider to upgrade the HFT MAPS to a much faster ones (HFT') so a trigger can be constructed. It would allow a systematic study of the bottom hadron production at RHIC. This is a unique physics program itself and can be compared to the heavy-ion collision results from the LHC program. In addition, this HFT' heavy flavor physics will be complementary to the proposed sPHENIX [65] jet physics program making the RHIC physics program much stronger and, perhaps, more conceivable.
